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Abstract 



A heater power supply control system is provided for controlling the temperature of a heater used to 
heat a solid electrolyte-made sensor element of a gas concentration sensor up to a desired activation 
temperature. The heater power supply control system measures a resistance value of the sensor 
element and controls an electric power supply to the heater using a PI control function. The heater 
power supply control system works to limit the value of an integral term of the PI control function in the 
course of activation of the sensor element, thereby avoiding overshoot of the resistance value of the 
sensor element, which avoids thermal damage of the sensor element 
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[0 04 6] ZACSTH2©ti^. X^7 7'14 5CC 

jt^. s^.^^-rfcsgifiD u t y&nm?2>, m 
jje ( i ) at«i>ti»Du t y^gtm-rs. 

Xf77'14 9'CB, IgftD u t y©#- 
ffi^HJSL. 7c©03©;t— ^CCgl*. IglftDuty 
©*'-K»It:a. 06 (b) (C^-Ti^K:. igl&Du 
t y*s3fS©*-K«lfeU:-C*S*>S^*4al89l/ (Xf- 
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-^149a) . YES-C*ti«. ffiS&D u tyW- 

FffirSflKTS (*Tv7\ 4 9 b) . 

[0 04 7] *fc. TH 1 ^ZAC<TH 2 <Dt£^CC 

Xf^l46 TJbK ( 2 ) S$3:S3t>TfgJ!&D u t 
y*«HU Z AC<TH 1 ©«^5C« % Xf7^14 
7T_LfS (3) jS^ffl^riBttDu t y^gLffi-T^o * 
<£>f£. Xf ^ 1 4 ±12 (2) (3) 5£ 

«Cj:0»fflkfc«BttDu t y£>5^ g#Jf Du t y<D 
KlKi (ZAC t ff-ZAC) ) *»ftiatf-K« 
H*:»&T£o BC«<Xf^l49rtt % SltDu 10 

aMDuty^-F'^Ita, (36 (a) GCtS 

*S*^53^*«»i]U (Xf7^1 48a). 

n«, a»aDu t y^tf-FffirsoK-r* u^*^ 

1 4 8 b ) . ig&D u t yM«, ftuj£ UfcB6 ( b ) 
[004 8]±IBXf^l48, 149tf^X/-F 

^ Uf^l 4 4#YES<D*i^) . */-Fffl*W 

[0 04 9 ] S^CC. A/F-fe>1f 3 03^— Brgl^t^ 

XZ AC#0#CHBTH2 (4 8 Q) fiLhteiftrtrrSW 

t-^iimccj:^A/F-fe>1f 3 0<Z>Sr£t£ffc 
W*U ^^>t'-#>*ZAC#f?SOt<,>fllTH 

2 (4 8Q) *«£&&b$k: % -eti^rsa^nro^ 30 
mftrnzv-tv brzt&itK mftmic^ zac<t 

@cc) . »#«*oxtt0ttifiofflcc»;-fe* bTSo 

30 (^4cd®S) ^#flFit*<3[>«H«:^i8Ufc r*?. 

/c. L#(,>ffiTH2# r-fe>-tffgffia4i<D3f3Ifflj {CIS 
^TSo 40 
[0 0 5 1 ] H9tt % x>^>*&»|B$ (42>lMtgttK?) 
{Cfci^iUDu t y. SMDu t y. 3R-?-^>.fcT- 

^9-CU. x>i/>tett^ttffi»D u t y = 1 0 0% . 
©±»*#]fa#!egSft. ZAC^TH3 (6 5Q) d: 
tc4 t lO^-f S>ywe$, fc-*jl«F/B*(l»3MSI 

ittDu t ytffftUSft. SMDu t yte0O££S 

>^C». «»qiO*tB^HttdtiS. o<0. t2W 50 
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/c. t 1- t 3<DWrar«iaftDu t y*W-FS*i. 
t 3(D^>f$>yr^iF^>f-^>7ZAC^gg 

[005 2] frfrZm-S. -fe>-tf-ffitejfc* (^^) 

ssttz ac t gccsfl^r^iscc^-^-^jL- h£*s 

<JKH£tt5#. *»<D»»Ttt, ff^VOffU^M 
[0053] A/F -fe>*3 0 (DrS&imiCMft 

£K<J:9 Du t y<2flffi#?T*>ns o *tv&. C*?Ltc 

[0054] a±»»Lfc2t^flMg«c <fcft«. A/ 
F-fe>**3 0*i^ftSftilB©*>1«*<Wi3B<ca 

#r£s 0 

[0 0 5 5] Sfc. A/F-fe>iJ-3 0#— BffiteftSft 
CC cfc 0 > fcf- Z A CtfMfflWSHfctttlSt* 
ZAC#B*«Or»%p<fW»TS. ttK43M<Z>£fl( 

So 

[0056] (312 <D**6<OTB«) :£{C. **BHCC*jW 
SS& 2 OC 1 T . ±j& L, tcm 1 <Dmfe<DJ& 

So 

[0 05 7] B10 «CteOT. *r^f7^16 1. 1 

jti oo%<^iim*iai) ^riyg-rs, 

[0 05 8 ] *fc % mmMBi«t(ECt«&. Xf^l 
6 3r«, -5-OB$CD^>r>b--^>^ZAC^O^^ 
filTHl (2 6 Q) J:0 4/h3i»*5**«8flrS. Z 
AC^TH 1 (Dtik&dC & % 7,Tv?\ 6 4r±lfi (2) 
S*»C»rK»Duty*»ffl^ ZAC<THl<Dti 
^<Ctt. Xr 7 7'l 6 5r±fd (3) 5S*fflC^rW»D 
uty^gtaiTS. 

[0059] -toa. ^x^^i 66t«, ±%mmu 

ftJBttDu t ycD^-^, SMDu t y<D<B (XK i 

(zac t g-ZAO ) F*a***r 

So S<^f^l 6 7r«, igf&Du t y©*f— F*S 
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met<c9ik'?m*)v$>2> 9 tete^m<Dmi&rc\t. hio 

CO 06 0] HI Hi. x>^>j&SbB# (*fe>^iss& 
e-^^ZAC^ft^t^^A^f hrs>£. 

SrHl 1W, ffffSS9<J:fHl«|, x>^>te«i^S 

fgs&D u t y = i o o %<D±Mn$m&^n$ti, Z A 

C^TH3 (65Q) <L&£t 1 1<D2<4 *>?im. 10 
t-ZM^F /&m©frmfaZtlh 9 CCD±i^ t 1 1 

-y ^ > y-eimftm cm^mo u t y > on^sa 
^$n^> 0 t i 2cD*-r ^>^r^^-r>f-^>x 

ZAC^gMZACt *£TlHl£fcaWgM<Dft£#^ 
to9, fn«Kl»9Duty, Igl&Du t y##-F 

C0 0 6 1] U±WtftLtc^fc<DBmtC£tl^ 20 
>1^T<7){£g£H& C <h#r # 

[0062] (^3 <Dmm<Dfcm ^mmo^m^t. 
^r^o, *©2o<DB*ffl». r«»e«jfcB«MiT 

GlJ t rgfl(Da^fiiTG2 J r&* a 25RtlC«: % TG 
1=28 Qm&Vfr&CDlCttL. g«fiTG2tt. @H 
ffiTGl<fcOfeW^>f-y>XfifJ (rttto%ffi««) 30 
CC^S^n, m«TG2=TGl + 5QlS, TO: to 
^TG2 = 3 3QfIgr£>£. fcfc. ^JSCWBMICCfe 

(r^rtttisoiitewafflr** (Hi. H2») . 

[0 06 3] HI 2«, x>S>>»fflbB»CC*W*JRT--f 

3. Hl2$ate<,>T. -b>tf«^<D#«{CBROS«n«a 
*fliOtTG2^RSSti, I^>t'-^ZA 
CttB«ffiTG2CCtt5<fc5J«ftSti£. C<D<ht. * 
^>f-^>XZ AC3WgflMiTG2CCi(«r*i. 
-Stw^i/a-hu, SSBSOTG 2 «c*rs 40 
(^^>^ta, tb). £ ^ > ^ t brtt. 
fl*TG2*6TG lSCW9#x.6tt£. CtiCCcfcO, 

<btg i ccturrs. 

[0 06 4]^ giMTG2^6TG 1 CC^Og 
5 >^tt fc ^>b'-y>XZAC^TG2 

[0 0 6 5 3 fcLfc*3 ©**©#*C J:*iK. > 
t-y>XZAC»gilOB*MiTG2CC*fly-C*-^- 50 
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©»«<bBiacc. A/Ffc>1f3 0#f§tt{fcSft£B8Q 

[0066] ureiMogaiflt g 2 a, uHftiu 

TG 1 t,cttLT+ 1 0 Q©fBHrtCC**i«fi(,>. &**#J 
«cB*«TG 1 K#Ur£tt/ctt»GrM©B«fflTG 

[0 06 7] SiJ<D@ffifitTG2£Lr, 2oH± 

©B««*s^r*c&fcnjf£r**. 

ftgaW#2 8QO»^«C, 3 4Q— 3 1 Q— 2 8Q© 

[0 0 6 8 ] tt4l*J»!K. ±E£W«c*cwt5!Becr* 

CCl«03R^^>fc'-y>XZAC*WSO0*(r»iilTH 
2CC«T^^-C«a^3I^^toriC|gl6Du t y*JWH 
-TSCitU .Cft«ffl^y^>*0fcTSC<t<!:RI 

sr**#, cnccft^r, a^y-f >*of*ia<Dffl 

[0069] JbiEJB 1 ©«t©«lBrctt. •fe^Sttfl: 
XZAC^ltl«TH2 KiiUfcC££#iJSL/rtt:#l 

^^weeiafc p i «np*M*r*, p i «w*w«r'r 
[0070] ±iB«o»<o»»r«. -f >fcr-^>x*fj 

-O*±Cf*J:9««0fc^ <±BH5©;*?'*:/1 4 
6, 14 7K cncc«*r v SB»*^>«:±tf5J: 

[0 07 1 ] A/F-fe>1f 3 0(C*5tr^r. ST-^ 

>f-y>xzAC tt*flD*/b«cecr*iFjiflCcc»-r 
*Jitf*«fc9«:i/r«>^*. o^occd^^. «»3H<o 

[0 0 7 2] iit&Du ty*»ffltSfc»©«»SiO 
r, ^Y>f-^>^ZAC^>7^-^(!:t6S* 

^*fflc»SJ:^5ci/riAc^ Ttttoft, *-T-r>tr- 
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z a c#®0H2 micm*4>t:~? > 
* z a c # » « i'/h $ < & * £ 5 -7 7 » assa: 

{CTg*JI (I*Du t y) £#ttiU -e-©S3aSK:tfc 
TO-S^SDSt/tHiiDu ty«rmitit-S (IBM 
Du t y=«*W+itt^+g^]l) . 
[0073] -b^iftSttfbJCKt^-r > 

TigS&Du t y*#tiS-rSJ:^«:orfea(,». 
C 0 0 7 4 ] #^CCjgffioJfjg#*7*j^4z>1Ni±fe 

a2©A/F-fe>tf«:pg^3ftr. -eti«ii-{cai 3-^ 

01 4©4fj?£©-te>U-£Sffl-f C©i§^. &tii-fe;U 

[0 0 7 5 ] 01 3CDA/F-fe>"9-l OOB. KSSrtO 
7 10 1. K3R-fe>1>-te;U 1 0 2 h 1 

/M/rseieasn-ct^. mmxi'T'-bJH 0 i«. 

2/- htfc©@f*mft?S#l 2 1 £. *:<DffiWlcmm.£tl 
tc— JftO^vySil 2 2. 1 2 3£d>6f*li£;*tt£. 

S8?ff(* 124i. -e©Mffi{CES3nfc-*f<D-fe>-9- 
SS1 2 5, 1 26i*6TOhS. 
[0076] ^^-tM 04. 1 0 5(i-fe-7 5 7^3?© 
IfclMflsHcrJBfiESfi. S^«:g^x*a|A-r5«JS^ 
Xll2 7t, A^iSA^*^*/:*^ 1 2 8 <h#Jg 

^snrt^. ismiy- v 1 0 3 «. 0©±T2tt©*e 
h 1 3 1 . 132 i^rajcenisijsti/ct-^ 

(SCtiBT) 1 3 3<i£*rrS. 

[0 07 7] _L£8tj£CDA/F-fe>-!M 0 0"C«. ffiffc 
fiSS 1 2 9 ZftLXMmrtxm. 1 2 7(*?«Cgf//X*^A 

sn. K^^>7--feiu 1 0 1 ummtfxm 1 2 7 wok 

^fi{Cl£Cfc1itfc£ffl?j-r£. C*iCC<fc*J. 8f#*x© 
®m!&&&mtH2tiz>. */c. K3Hr>-tf"fe;H 0 2 
«. m^X^m 1 2 7(C«A0fcgf#X<D&3Sgg(Cl£ 
0fci@«#**Sfct/. -£©*am*#-S<i:£:£>J:5(c. 
*>7'1S 1 2 2. 1 2 3KCcmBE*sEn»D3nS. 

[0078] %<i<D-tz>y-mi&&® 1 4fc^-r. 0 1 4-e 

!S. ■k>-*3i*<DWtmm£ (a) CCiRb. (a) (DB- 
BS!#rffi£ ( b ) Kif. 0 1 4 ©# 1 5 0 

a. ^#>7'-fe;U 15 1. K3R-fe>-iH2^ 1 5 2RO t 
K^?s^m?tk 1 5 3 ^tfxriiO . KJRtf 1 5 

1 *«lfiKT2>@«rt5Wa{*: 1 5 4 i. 1 

5 2 ao'g^s^sri 1 5 3 zmis? *>®»mmn# 1 
s 5 tvmmmmztiT^z. s/cgcc. mt^mma- 
i 5 5 cui!5ii<DH{**ss{*: i 5 6#sd;*ftTt.»£. 

S{*«fl?3# 1 5 4. 1 5 5©P^5C«ffiKfSf3iJl 1 5 7 

*«aw eti. ii^fssf* 154. 155 tmmtm 
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i 5 7<tccH$nrsM*'^Mi 5 8«snri,» 

WmrtX-g. 1 5 8 ica&tfclgtaJl 1 5 7 £/|-L,rg? 

[0079] 1 5 1 «. @fltftSS©(* 1 

5 4 ©PfMJCJfyJiS;* *!fc-*fOf§ 16 1. 16 2*^ 
U 1 5 2 «. @<*m»SSS<* 1 5 5 ©PI 

ftfc— *t©S^ 1 6 3. 1 64 =SrWT -5. $ 
fc. IBSIig&^fel 5 3 5i. m&Wgmfc 1 5 5±-C<5J 
nt>®j^*'X^ 1 5 8l9I«:^fi£3nfc-^©«g 1 6 
10 5. 1 6 6£Wr*. -3*0. HI 4 (b) CCth-TJ^ 

tc. 1S1 63. 1 6 5. 1 6 6 itm-<Dm&nmn# 

l 5 5±«:jgfiS$n-C(,^. feu. 1 5 3 

©SIS 1 6 5. 1 6 6 «. — ^T*i^lr£ttS©iSSt»Stt 

£. b-$a- y H70«, gfiiSf^-C&Sfc-^ 1 
7 1£WU KsgdOT'-fe^l 5 l©^J«:«^$n 

[0080] ±iE0 1 4©27*-fe>tf 1 5 0 VIZ. iSIB 

#>-7"-fejn 5 i{c-csf//x*©^isg3jn^aisn 

20 £. WStkii >V-t)l> 1 5 2 ICUMmrtXW. 1 5 8 f*J©K 

m&micfcctcmnj}i!fift£.u. c©jg^j*<-s£Sc 

•SJr^it. KsR^>^42iH 5 l©«gl 6 1. 162 
HKIiJEtfErWjnStiS. C©&#. &3a£&®t!l 1 5 3 
■C«. KJg?B**#«tt^S 1 6 5ffi]-CA#t,>cij!p 
6. ^RSttm® 1 6 6ifi#{C*sW.5I»56&«r£tt«g 
1 6 5ifiei©KmigS«l:0«<i5:^. -e©/c«o. 

1 5 3 *m&? 5— ?Pf©^@ 1 6 5. 1 6 6 lace 
«. ^rStt^ffil 6 eW^iEiU. P^tt»©Sf^oIt8 
^^©iSS«cic.D/ciS^«?fee^di^r^„ Ch 
30 (C«fc<3. gf^X*©^©^I«Stt/7^j5K^«|fflr# 

[008 1 ] fttc. m#X&Jrl-<DtfX>kWfflm#Z.t-? 

[affi©fs*nc^] 

[mi] ^^©iijs©«)!§«c46-w^^tRit«iai«a©e{ 

40 [02] -b >-9"jg^©fia5»fM0. 

[03] v-f^yiciij'-f^^-f^/Tt^D-f 
-r- h. 

[04] sg^^>f-^>^©^tt}#IS«:7n^-7n-^ 

[05] t-^jim©*fl®^lll^T7P-5 : -- t '-h. 
[06] (a), (b) «Du t yii-\F^M^-ty 

[07] JR^-f>t:-y>^<«:jR^«i©BI«*jft-r 
0. 

50 [0 8] (a) ttB5PBy<f>€. ( b> \Zitmm>rJ 
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[0 9] x>y>tettH$(c:teWSDu t yS^^f> 

[011] x>^>tel&B$CC:fctt£Du t yR&X=f-f 
[012] x>^»§tt^{c*J^S*^^>t-^>^ 
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* [013] moijxi&sL^yv^Tiktmmm. 
[014] (a), (b) mwtf^m&^y^Tjkr 
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